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Abstract The population of a lycaenid, Shijimiaeoides divinus asonis (Matsumura) has been re- 
duced by environmental changes in some habitats in the Aso area. We conducted route census sur- 
veys of this butterfly in 2006 and 2007. The study area is located on the volcanic slopes of Mt Aso 
in the center of Kyushu, Japan. At the study site, the natural herbaceous grassland, which had been 
almost completely grazed, was subjected to routine grassland burning every spring. The results ob- 
tained are summarized as follows: (1) Pleioblastus chino (Franch. et Savat.) Makino var. viridis 
(Makino) S. Suzuki was one of the dominant species at the study sites with normal grazing intensi- 
ty. Zoysia japonica Steud. was one of the dominant species with high grazing intensity. On the 
other hand, Miscanthus sinensis Anderss. was the dominant species at non-grazing sites. (2) The 
individual density of the host plant, Sophora flavescens Ait. was significantly different at each study 
site. (3) The height of the host plant at the non-grazing sites was higher than at other study sites. 
(4) The number of branches of the host plant at the sites with normal grazing intensity was larger 
than at other sites. (5) The individual crown area was bigger at the sites with normal grazing. On 
the other hand, the height and crown area of the host plant at sites with high grazing intensity was 
smaller than at sites with other grazing intensities. (6) Adult butterflies appear in early May almost 
disappear by mid June. Individual numbers were affected by low temperatures from April to May, 
and the density of butterflies markedly decreased in 2007 at all study sites. (7) The number of lar- 
vae was significantly different at each study site when population density became high. (8) The 
number of adults and eggs increased alongside an increase in the number of nectar plants at the 
grassland where grazing ceased. Based on these results, it is concluded that customary grazing in- 
tensity is most suitable for the conservation of this butterfly in the Aso area. 
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Introduction 


The lycaenid, Shijimiaeoides divinus asonis (Matsumura), is one of the rarest butterflies in 
Kyushu, only found on limited areas of the volcanic slopes of Mt Aso. The larva feeds on 
flower buds of Sophora flavescens Ait. The grassland has been managed as meadows by 
farmers for several hundred years. This lycaenid was designated in 1995 as a National 
Endangered Species in the Law for the Conservation of Endangered Species of Wild Fauna 
and Flora legislated by the Environment Agency of Japan. Recently, numbers of this but- 
terfly have been reduced by environmental changes in some habitats in the Aso area. Our 
previous study showed that habitat change factors can be divided into four groups; human ef- 
fect, grassland management, volcanic activity and climate (Murata & Nohara, 1993). 
Habitat change caused declines of attendant ants, host plant and nectar plants, and increases 
in some natural enemies, and these phenomena resulted in the decline of the butterfly popu- 
lations (Murata & Nohara, 1993; Murata et al., 1998; Murata & Nohara, 2001, 2003, 2005). 


On the other hand, the population of the butterfly has not been declining in areas where rou- 
tine grassland burning has taken place (Murata et al., 1998). Routine grassland burning 
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seems to have a positive influence on the butterfly population. Traditional grassland burn- 
ing and continuous grazing are important for the sustainable conservation of the butterfly. 


Recent studies have reported that how the patterns of species diversity of butterflies change 
along a gradient of human economic disturbance (Balmer & Erhardt, 2000; Kitahara & Sei, 
2001; Inoue, 2003; Nisinaka & Ishii, 2006). However, it was not clear how the grazing in- 
tensity affects the habitat and the population of this butterfly. 


This paper reports an investigation conducted to make clear the effect of grazing intensity 
on abundance of the butterfly, on the density of the host plant and on the nectar plant flora 
used by this butterfly in the Aso area. 


Location, study sites and methods 


a) Location and study sites 


The study area is located on the volcanic slopes of Mt Aso. Three sites (A-C) with different 
grazing intensities were surveyed in the butterfly habitats (Fig. 1). All study sites, routine 
grassland burning was carried out every spring. At all study sites were classified as grass- 
land mainly covered with natural herbaceous plants. At site A, grazing intensity (days/ani- 
mal unit) was normal for the Aso area, and at site B, grazing had been stopped since 1998 at 
site B. At site C, grazing intensity was higher than at site A, consequently constituting the 
highest inensity of the three sites. At each study site grazing intensity remained unchanged 
from 2000 to 2007. 


b) Density of S. flavescens and nectar plants 


The density, branch number, individual crown area and plant height of S. flavescens were 
measured in three main quadrats (5 mx5 m) randomly established in each study site. 


c) Dominant ratio of nectar plants 


The extended summed dominant ratios of nectar plant of this butterfly and plant height were 
measured in nine subquadrats (1 mx1 m) randomly established in each main quadrats at all 
study sites using the Penfound and Howard method. The dominant ratio of the plants was 
calculated using E-SDR,. 


d) Quantification of the adult butterfly, egg and larva 


The number of adult butterflies was recorded by route census surveys for 10 minutes (500 
m in distance) from 10: 30 to 13: 00 hrs local time under fine weather conditions during the 
adult flight season (from April to June) (Murata & Nohara, 2001, 2003, 2005). 


Eggs and larvae were counted on 50 shoots of the host plant once a week from May 15 to 
June 26 at all study sites in 2006 and 2007. 


e) Influence of the grazing intensity on the adult and egg population 


Two quadrats (200 mx200 m, site G and site NG) were surveyed at site C in 2006 and 2007 
(Fig. 2). In 2006, grazing occurred at both sites, however, in 2007, grazing did not occur at 
site NG but was normal at site G. These study sites was adjacent to each other. 


The number of adult butterflies was recorded by route census surveys for 5 minutes (250 m 
in distance) from April to July at site G and site NG in 2006 and 2007. The density of eggs 
was counted on 25 shoots of the host plant which were selected at random at both sites in 
2007. 
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Fig. 2. Two quadrats (site G and NG) established at 
site C in 2006 and 2007. G. High grazing in- 
tensity in 2006 and 2007. NG. Non-grazing 
in 2007. 





sities. A. Normal grazing intensity. B. Non- 
grazing. C. High grazing intensity. 


Results 


1. Influence of grazing intensity on growth of host plant 


The landscapes of the study sites were remarkably different dependent on the pattern of 
grazing (Fig. 1). The degree of plant cover was low at site G under high grazing intensity in 
2006 and 2007 (Fig. 2). Table 1 shows the properties of S. flavescens population. The indi- 
vidual density of the host plant was significantly different at each study site (Tukey- 
Kramer’s test, p<0.05). The height of the host plant at site B (non-grazing) was significant- 
ly higher than at sites A (normal grazing) and C (high grazing) (Tukey-Kramer’s test, 
p<0.05). The individual crown area at sites A and B was bigger than at site C. The branch 
number of host plants at site B was larger than at sites A and C. 


2. Influence of grazing intensity on vegetation 


Table 2 shows the degree of cover of the dominant grass species (E-SDR,). Zoysia japonica 
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Table 1. Properties of Sophora flavescens population. 
Study sites 














Property A B C 
Stocking density (animal unit/ha) 1.1 0 1.4 
Individual density (/25 m°?) 23.0 + 8.98 47+ 4.6° 13.7 + 11.1 
Branch number (/individual) 5.5 + 10 11.1 + 9.6 50 + 02X 
Individual crown aree (100 cm?) 33.3 + 12.9 27.0 + 16.1? 16.8 + 2.7% 
Plant height (cm) 81.9 + 13.12 105.8 + 17.28 70.2 + 13.2* 


Data were obtained in September. 
Different letters in the same line show significant difference at 5% levels by Turkey-Kramer’s 
test. 


Table 2. Cover degree (E-SDR,) of dominant species. 


Study sites 
A B C 





Species of dominance 


Grazing insensity (days/animal unit-ha) 190 0 250 
Sophora flavescens 42.6 39.7 31.6 
Pleioblastus chino var. viridis 50.1 - - 
Miscanthus sinensis - 89.0 - 
Imperata cylindricai var. koenigii - 59.4 - 
Lespedeza striata 27.9 — — 
Zoysia japonica - — 52.5 


Arundinella hirta = = 15.1 
Data were obtained in September. 


Steud. (E-SDR, 52.5) was most dominant at site C (high grazing). Miscanthus sinensis 
Anderss. (E-SDR,, 89.0) was dominant at site B (non-grazing). On the other hand, P. chino 
(Franch. et Savat.) Makino var. viridis (Makino) S. Suzuki (E-SDR,, 50.1) and S. flavescens 
(E-SDR,, 42.6) were dominant species at site A (normal grazing). The higher the grazing 
intensity, the lower the E-SDR, of S. flavescens tended to be. 


Among nectar sources, Cirsium japonicum DC. was dominant at sites A and B, and Viola 
mandshurica W. Becker was the most dominant species at site C (Table 3). The dominant 
rations of nectar plants at site A were significantly higher than at site C. 


3. Influence of grazing intensity on the number of adults 


Seasonal fluctuations of adults, rainfall, and air temperature were measured in 2006 and 
2007 (Fig. 3). Mean air temperature was similar between 2006 and 2007 except for mid 
April. The total amount of rainfall was greater in 2006 than 2007. Butterflies were found at 
all study sites from late April to early June. The peak occurred in middle of May. The 
number of the butterfly markedly decreased at all sites in 2007. A larger number of the but- 
terflies was recorded at site A than at sites B and C in 2006 and 2007. 


4. Influence of grazing intensity on the number of eggs 


The number of eggs was monitored from late May to early June in 2006 and the latter May 
in 2007, respectively (Fig. 4). The seasonal change in the number of eggs coincided with 
that in the number of adults in both years. Table 4 shows the density of larvae in 2006 and 
2007. The density of larvae was significantly different between site A and sites B-C on 6 
and 13 June in 2006 when population was high (Tukey-Kramer’s test, p<0.05). 


Figure 5 shows seasonal fluctuations of eggs at site NG (non-grazing) and site G (grazing). 
The number of eggs at site NG was greater than at site G on 22 and 27 May, 2007 (Fig. 5). 
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Table 3. Extended summed dominant ratios of host plant and nectar plants for Shijimiaeoides divinus 
asonis in each plant community. 


Study sites 








Species x B C 
Host plant Sophora flavescens 561 + 17 47.8 + 9.2” 36.6 + 19.6” 
Nectar plants Cirsium japonicum 76 + 1.6 4.9 + 4.1> 0.4 + 0.6 
Viola mandshuria 26 + 0.4 3.0 + 3.8 26 + 0.8 
Viola grypoceras 0.2 + 0.3 
Viola verecunda 17 + 30 0.2 + 0.4 
Viola sieboldii 10+ 04 
Senecio integrifolius fauriei 14 + 1.6 
Elaeagnus umbellata 1.7 + 2.98 
Ranunculus japonicus 04 + -0:5° 
Trifolium repens 
Total 70.6 + 3.4 57.2 3.0" 40.2 + 19.7% 
Total without Sophora flavescens 14.6 + 5.0 94 + 5.4% 3.6 + 0.2 


Data show mean+standard deviation. Data were obtained in June-July. 
Different letters in the same line show significant different at 5% levels by Turkey-Kramer’s test. 


The number of adults at site NG was three times as high as at site G in 2007 (Fig. 6). At 
site NG, the density of Senecio nemorensis L., one of the nectar plants, was greater than at 
site G (Fig. 2). 


Discussion 


Effect of grazing intensity on butterfly population 


Secondary grassland, which is one of the main landscape element types, has been main- 
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Fig. 3. Seasonal changes of mean temperature, total amount of rainfall and the adult number of 
Shijimiaeoides divinus asonis at three study sites. 
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Fig. 4. Seasonal changes in the number of eggs on each site. 
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Fig. 5. Seasonal changes in the number of eggs at site C in 2006 and 2007. G: Grazing in 2006 and 
2007; NG: Grazing in 2006, non-grazing in 2007. 


tained by traditional mowing and grazing in the Aso area. Farmers and cow-breeders have 
burned these grasslands every spring for several hundred years ago (Murata & Nohara, 
1993). 


The larval host plant, S. flavesens has not been affected of grassland burning because the 
host plant is perennial. Burning promote germination of some plants, not including S. 
flavesens (Murata at al., 1998). The number of eggs, larvae and attendant ants decreased 
and the populations of some kinds of natural enemies increased when burning of grassland 
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Table 4. Number of larvae of Shijimiaeoides divinus asonis on 10 shoots of 
Sophora flavescens. 


Date of survey 


Study sites 











A B € 
2006 25 May 0 0 0 
6 June 1.14 + 1.31 0.48°+ 0.68 0.66° + 0.98 
13 June 2.1 + 1.48 1.34°+4 1.15 1.54 + 1.54 
20 June 3.76+ 5.37 0.28 + 0.54 1.80° + 2.69 
27 June 1.4*° + 0.55 0° 0 
2007 22 May 0°? 0.06°+ 0.09 0? 
27 May 0? 0.04*+ 0.09 0? 
1 June 0° 0.08°+ 0.04 0.02°+ 0.04 
7 June 0.36°+ 0.41 0.06°+ 0.09 0.36? + 0.41 
12 June 0.48*+ 0.41 0.06°+ 0.09 0.48" + 0.41 
21 June 1.10°+ 0.79 0° 1.10 + 0.79 
27 June 0.20°+ 0.16 0° 0.20? + 0.16 
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Different letters in the same line show significant different at 5% levels by 
Turkey-Kramer’s test. 


stopped (Murata & Nohara, 2003). Therefore, grassland burning may be an important fac- 
tor in the conservation of this butterfly. Many rare butterflies require vegetation manage- 
ment (grazing, mowing etc.) for populations to be maintained effectively (New, 1997). 


However, New et al. (1995) reported that rare butterflies may also exhibit narrow tolerances 
for management types for their habitats, more so than the flora they depend on. How does 
the grazing intensity affect the population of the butterfly? The butterfly habitats were main- 
ly covered with natural herbaceous plants. 


The dominant species were Z. japonica at site C (high grazing intensity), M. sinensis at site 
B (non-grazing) and P. chino var. viridis and S. flavesens at site A (normal grazing intensi- 
ty), respectively. 


Kira (1952) reported the effect of grazing intensity on vegetation in the Aso area. In his re- 
port, M. sinensis was the dominant species under grazing intensity of 0.5 animal unit/ha, P. 
chino var. viridis was dominant under grazing intensity of 0.6-1.0 animal unit/ha, Z. japon- 
ica was dominant under grazing intensity over 1.5 animal unit/ha. 


In our survey, the degree of cover of P. chino var. viridis and S. flavesens at site A (under 
1.1 animal unit/ha) was also higher than for other species. At site B (0 animal unit/ha), the 
cover degree of M. sinensis was also highest, and at site C (1.4 animal unit/ha), the cover 
degree of Z. japonica was highest. These results are similar to those of Kira (1952). He did 
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Fig. 6. Seasonal changes in adult numbers at site C in 2007. G: Grazing; NG: Non-grazing. 
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not mention S. flavesens: however, our results suggest that there is some optimal grazing in- 
tensity for S. flavesens. The population of this butterfly was highest at site A (1.lanimal 
unit/ha) where the degree of cover of the host plant was the highest between the three sites. 
These results suggest that maintenance of the optimal grazing intensity is important for con- 
servation of this butterfly. 


Effect of grazing intensity on nectar plants 


There are thirteen species of nectar plants for this butterfly in the Aso area (Murata & 
Nohara, 2001). It is important to conserve these nectar plants for this butterfly. However, 
the effect of grazing intensity on the quantity of nectar plants was not clear. In this survey, 
the population of C. japonicum was higher where the degree of cover of the host plant was 
lower. The degree of cover of V. mandshurica was high at site B where grazing did not 
occur. These results suggest that grazing intensity may be the important factor for the 
growth of nectar and host plants 


Influence of grazing intensity on the number of adults and eggs 


There was no significant difference in the number of eggs between site G and site NG in 
2006. In 2007, the adult number at site NG was three times greater than at site G (Fig. 6). 
The egg number at site NG was also greater than at site G (Fig. 5). These results may be 
explained by the density of S. nemorensis, whose density at site NG was much greater than 
at site G in 2007. These results suggest that higher grazing might suppress the growth of 
some kinds of nectar plants. 


Effect of grazing intensity on the growth of host plant 


Distribution of S. flavesens was not uniform in the Aso area (Murata and Nohara, 1993). In 
our results, the population of S. flavesens was higher at sites A and C than site B. There 
were significant differences in the population of S. flavesens at each survey site. Crown size 
of host plants was larger at site A than sites B and C, and the branch number of host plants 
was also larger at site A (normal grazing intensity) than at other sites. A bigger crown size 
of the host plant may increase the availability of buds for larvae. It is suggested that the 
host plants were able to grow larger in an open situation providing sufficient sunlight as a 
result of burning and optimal grazing intensity. In contrast, the height of the host plant was 
low under high grazing intensity (site C) because cows directly destroy the host plant. 
Furthermore, at site B (non-grazing), the height of the host plants was taller and the crown 
size smaller because of the high population density of tall grasses. 


In conclusion, it may be important to keep grazing intensity around 190 days/animal unit-ha 
for conservation of butterfly habitat through the maintenance of grassland in the Aso area. 
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i E 


AAW YY 3 OBIE THE OD KE GAF + AE EAS O a RED) 


Lil RRM I ICA ST ZA a IV) YY & Shijimiaeoides divinus asonis MARL, OA BEE O Bible 
LU ROPOH Ew Cle mA MICHA. AE Cl, RHOBACHRE, AEWA RIET hii 
EOMEe HOPI TAL, HEAMOME RH ODICTS! cdi, RR AEO RE KER 
EBILOBE COV CETM ARE TCHAR L, BVRWEORR, RAPERO CHE E 
To. Amand, BR, FAEM NCA WARR ZHARAR CHA. AMRe ML, F 
SITE RIIROIWY CHA. 


(1) AFRO BI ORBA CPOE RELL OA, WROTA ERE CH A HEC 
Iž, ZIF Pleioblastus chino var. viridis SRE HEC H o ZE, PRED BV dH Clad, 7% Zoysia 
japonica FREKIT 072. Ere, TREC O MAEM Cit, AA Miscanthus sinensis RIE BIE X Ze 
0, WEIL, HAM OMI RES RMIFELTWACEMDMRESNK. 2) RE CHA 7 F F Sophora 
flavescens MRE FE (E-SDR,) 1k, HV ARBOELX (CLES TB RHI NBT AY Ze OE COD > Ze. (3) 7 
IDEL, RECOM AM IC BY CHM DR SNK (D 7 FA OSE, HATA Ze BEC 
HAREM BY CEPOL. FIFOVINVY MIR, ETT EE CHA RAHM ICBO TK 
Apo. —-H, BORRET, Z7IFO7Z IVY MBLCMUIS)S «SAMA SON. 6) K 
MOMS, 5H EICHER L, OA PIC ONE < hore. 2007 FOAM OUPREIS, 4A P55 
Hic Put CORRODE & VU, 2006 ICIEN THC ORAM CIR l HEB LIC.) DERRY 
CS, BRS, PAWS LBV DD ON, MHOREIC MEDS MIEL TA HEED 
MBSR. VHOCHECHRA, RET IR EL T l RICKI AL, BURMA 
L, KOM BR, INRIA AC EDRB SNK. CNS ORBRD 5, MRM BOTRE LR 
ES Are OIC Ree ACES, RIC BU ABATE RBUE CH AC bboro X. 
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